Impaired septal formation and decreased alveolarization are often caused by hyperoxic injury to the developing lung and are characteristic features of bronchopulmonary dysplasia. Dexamethasone, frequently administered to infants during oxygen exposure, also inhibits septal formation in the newborn lung. Vitamin A administration reduces the incidence of bronchopulmonary dysplasia in vitamin A-deficient premature infants, and retinoic acid improves alveolarization in newborn rats treated with dexamethasone, indicating that retinoic acid may be useful in preventing hyperoxia-induced impaired septation in bronchopulmonary dysplasia. To investigate whether treatment with retinoic acid during exposure to hyperoxia would improve septal formation, newborn rats exposed to Ն90% O 2 from d 3 of life to d 14 were treated with retinoic acid (d 3-13 of life) and/or dexamethasone (d 4 -13 of life). In contrast with the effects of retinoic acid on dexamethasone-induced inhibition of alveolarization, we found that retinoic acid did not improve septal formation or decrease airspace size in animals exposed to hyperoxia alone or to hyperoxia plus dexamethasone. Retinoic acid did, however, increase collagen in airspace walls as demonstrated by staining and immunohistochemistry. There was no increase in procollagen mRNA by Northern hybridization analysis, indicating that retinoic acid-associated increases in lung collagen are likely due to posttranscriptional regulation. There was a trend toward increased survival in hyperoxia in animals treated with retinoic acid to the extent that combined therapy with retinoic acid and dexamethasone resulted in the greatest improvement in animal survival. These results suggest that although retinoic acid may be of benefit in hyperoxia-induced lung injury and may have important effects on lung matrix, it does not prevent impairment of septation or induce alveolar formation during exposure to hyperoxia. Prematurely born infants who require treatment with oxygen and mechanical ventilation for a significant time in the newborn period may develop BPD (1, 2). Attempts to limit the incidence and severity of BPD by lowering oxygen concentrations and by reducing barotrauma through early weaning from mechanical ventilation have been aided by the use of glucocorticoids in the postnatal period. Several studies have demonstrated the efficacy of dexamethasone in facilitating extubation in very low birth weight infants (3) (4) (5) (6) , but the use of steroids in premature infants has raised a host of concerns about effects on lung growth and development (7) (8) (9) .
Massaro and others (8 -10) have demonstrated inhibition of septal formation and alveolarization in newborn rats treated with dexamethasone between the ages of 4 and 14 d, the period of most active alveolarization in the rat. Dexamethasone treatment resulted in fewer alveoli and a smaller gas-exchange surface area, similar to that seen in premature infants with BPD (11) (12) (13) . In a subsequent study, Massaro and Massaro (14) demonstrated that the inhibition of alveolarization produced by dexamethasone treatment of newborn rats could be attenuated by the administration of retinoic acid. In addition to antagonizing some actions of dexamethasone, retinoic acid has been shown to play a role in lung development (15) (16) (17) (18) , and retinoids appear to participate in lung repair after hyperoxic injury (19, 20) .
Although still controversial, evidence that the administration of vitamin A to vitamin A-deficient premature infants reduces the incidence of BPD suggests a protective or reparative role for retinol and its active metabolite retinoic acid during exposure to hyperoxia and mechanical ventilation (20 -22) . Similar to the actions of dexamethasone, hyperoxia also inhibits septal formation and affects alveolarization in the newborn lung (23, 24) . It is possible, therefore, that retinoids improve outcomes in premature infants through effects on lung alveolarization. Be-10% buffered formalin instilled at a transpulmonary pressure of 20 cm H 2 O. After 15 min, the trachea was ligated, the lungs were removed from the thorax, the heart and great vessels were removed, and fixation was continued in 10% buffered formalin overnight at 4°C.
Lung volume measurements, quantitation of secondary crest formation, and airspace measurements. For lung volume measurements, the formalin-fixed lungs were equilibrated overnight in PBS at 4°C and lung volume measurements made in triplicate using the volume displacement technique (27) .
For quantification of secondary crest formation, the lungs were dehydrated in 50 and 70% ethanol, and then the right caudal and left lobes of the lung were separated, placed together in cassettes, and embedded in paraffin. Fourmicrometer sections were cut from the approximate center of the paraffin block, mounted on Superfrost Plus slides (VWR Scientific, West Chester, PA, U.S.A.), and baked overnight at 55°C. Slides were deparaffinized in a 3:1 mixture of Hemo-De (Fisher Scientific, St. Louis, MO, U.S.A.) and xylene and stained with Verhoff's stain for elastic fibers. Five nonoverlapping microscopic fields per lung lobe (10 fields per animal) were chosen on each slide and photographed. When choosing fields for analysis, care was taken to avoid underinflated areas and fields containing large vessels and airways. Secondary crests were identified by their characteristic structure: small ridges that contain elastic fibers and extend out from both sides of the primary alveolar septa. These ridges subsequently subdivide the lung saccules into alveoli (28) . Crests were differentiated from alveolar septa by using the definition of an alveolus as a polygonal structure whose depth exceeds its diameter (29) . The secondary crests were manually labeled and counted by a single observer who was blinded to the treatment group.
To quantify the effect of dexamethasone and retinoic acid on oxygen-induced changes in airspace size, we measured the areas of airspaces within 300 m of the pleura and calculated the volume densities of the gas-exchange airspace and the gas-exchange tissue. For airspace measurements, sections 4 m thick were cut from the right middle lobe, mounted on slides, and stained with hematoxylin and eosin. Contiguous airspaces within 300 m of the pleura in each of six nonoverlapping fields (magnification ϭ ϫ12.5) were measured in lung sections chosen at random from three animals in each treatment group as previously described (30) . Sections were viewed under bright field optics using an Olympus BH2 microscope (Olympus Corporation, Lake Success, NY, U.S.A.) equipped with a 10X lens. Images intended for morphometric analysis were acquired through a CCD camera (Panasonic, Secaucus, NJ, U.S.A.), digitized via Image-Pro Plus Image Processing System (Media Cybernetics, Silver Spring, MD, U.S.A.), and archived on a desktop computer. Area measurements were performed on a Power Macintosh 6100/60 using the public domain program NIH Image (version 1.6, National Institutes of Health, Bethesda, MD, U.S.A.). This program is available on the Internet at http://rsb.info.nih.gov/nih-image.
Volume densities were estimated using the program Stereology Toolbox (Morphometrix, Davis, CA, U.S.A.). Sections 2 m thick were cut from the right middle lobe, mounted on 435 slides, and stained with hematoxylin and eosin. Sections were viewed under bright field optics using an Olympus BH2 microscope equipped with a 20X lens. Images were acquired through a CCD camera digitized via NIH Image and archived on a desktop computer. Volume densities were estimated using a Stereology Toolbox counting grid consisting of 125 points per field, counting the number of points falling on the compartment of interest (gas-exchange airspace, gas-exchange tissue) in 10 separate fields per animal (three animals per treatment group) and dividing by the total number of test points. Points falling on conducting airways and vessels were excluded.
Collagen staining. Collagen was visualized using 4-m sections of paraffin-embedded lung from the right caudal and left lobes of three animals from each of the five treatment groups, stained with Masson's trichrome stain for collagen. Paired slide sets were stained, photographed, and photoprocessed together to allow direct comparisons between photomicrographs.
Immunohistochemical analyses. Immunohistochemical analysis for type I and type III collagen was performed using rabbit anti-rat collagen type I and rabbit anti-rat collagen type III antibodies (Biodesign International, Kennebunk, ME, U.S.A.), 4-m sections of paraffin-embedded lung from three animals in each treatment group. Tissue sections were cut and mounted on Superfrost Plus slides, baked at 55°C, and stored at room temperature until processed. The lung sections were deparaffinized, hydrated in a descending ethanol series, washed in PBS, and blocked overnight in 30% (wt/vol) nonfat milk. Nonimmune rabbit serum and antisera preabsorbed with rat tail type I collagen were used as negative controls for immunostaining. Biotinylated goat anti-rabbit IgG (Jackson ImmunoResearch Lab Inc., West Grove, PA, U.S.A.) second antibody was used at 1:2000 dilution. Antibody-antigen complexes in tissue sections were visualized by the avidin-biotin-alkaline phosphatase method using the Vectastain ABC-AP kit (Vector Laboratories, Burlingame, CA, U.S.A.) and the substrate NBT-BCIP (4-nitro blue tetrazolium chloride/5-bromo-chloro-3-indolyl-phosphate) (Boehringer Mannheim, Indianapolis, IN, U.S.A.).
Paired slide sets for control and oxygen-exposed tissues were stained, photographed, and photoprocessed together to allow direct comparisons between photomicrographs.
RNA isolation and Northern hybridization analyses. Lungs from three to five 14-d-old animals in each of the five treatment groups were exposed by thoracotomy, removed and frozen immediately in liquid nitrogen, and then stored at Ϫ80°C. Total RNA was isolated from individual lung tissues using the Trizol reagent (GIBCO-BRL, Gaithersburg, MD, U.S.A.) and Trizol protocol. RNA concentrations were determined by spectrophotometric absorption at 260 nm, and RNA was stored frozen at Ϫ80°C until used for Northern analyses.
For Northern hybridization analyses, aliquots of 20 g total RNA were denatured in glyoxal, size-fractionated by electrophoresis through a 1.0% agarose gel, transferred to nylon membranes (Boehringer Mannheim, Indianapolis, IN, U.S.A.), and immobilized by UV cross-linking (UV Stratalinker by Stratagene, La Jolla, CA, U.S.A.) (31) . Prehybridizations were performed in hybridization buffer [5X SSPE (20X SSPE ϭ 3 M NaCl, 0.2 M sodium phosphate, 0.02 M EDTA), 5X Denhardt's solution (0.1% BSA, 0.1% polyvinylpyrrolidone, 0.1% Ficoll), 0.1% SDS, 50% formamide, 0.01% sonicated salmon sperm DNA] overnight at 42°C. Hybridization was carried out in the same buffer containing 2 ϫ 10 6 cpm probe/mL hybridization buffer at 42°C for 16 -20 h. After hybridization, membranes were washed at room temperature in successive changes of 2X SSPE and at 65°C in 2X SSPE, 2.0% SDS. Hybridized membranes were subjected to autoradiography at Ϫ80°C using Kodak X-AR or BioMax x-ray film (Eastman Kodak Co., Rochester, NY, U.S.A.) and intensifying screens. Changes in steady state mRNA abundance were determined by measuring the OD of hybridizing bands on the autoradiograms using the Image-Pro Plus Image Processing System (Media Cybernetics). Similar exposures of blots were used for densitometric analyses, and amounts of RNA loaded were normalized to the 18S ribosomal band for each sample. Results for each experimental group are expressed as percent of diluent/water/room air (group 1) lung expression.
cDNA and probe preparation. Statistical methods. For survival, the number of animals surviving to the end of the treatment period was determined for each experimental group and then compared with diluent/ water/room air-treated animals using Fisher's exact test for groups with small numbers or 2 contingency tables where permitted. For lung volumes, secondary crests, and airspace measurements, mean values were first calculated for each animal (n ϭ 3 animals per group). For pro␣1(I), densitometric values for each animal (n ϭ 3 animals per group) were normalized for loading differences and expressed as a percent of the value for diluent/water/room air-treated animals. For each parameter, experimental group means and standard errors were then determined using descriptive statistics. The effects of retinoic acid and dexamethasone treatment during exposure to hyperoxia were compared using 1-way ANOVA, and then significance was determined using Bonferroni's correction for multiple comparisons (33) . To compare our results with those of Massaro and Massaro (14) , volume density measurements were compared using ANOVA with Duncan's multiple-range test (33) . Statistical analyses were performed on a desktop networked computer using the program SAS System for Windows, version 6.12 (SAS Institute, Cary, NC, U.S.A.). water/O 2 group (n ϭ 20) surviving to the end of the treatment period versus 87% of the diluent/water/room air group (n ϭ 16) (p Ͻ 0.05) (Fig. 1) . Treatment with retinoic acid (n ϭ 15), dexamethasone (n ϭ 16), or retinoic acid plus dexamethasone (n ϭ 11) resulted in survival of animals exposed to hyperoxia of 62, 56, and 82%, respectively.
RESULTS

Animal
Lung volumes. Lung volumes were not different between groups (Table 1) . When lung volume measurements were corrected for animal body weight, although not statistically significant, the lung volume/g body weight of room-air control animals treated with diluent and with retinoic acid alone tended to be small relative to dexamethasone and oxygen-treated animals, suggesting that exposure to either dexamethasone or hyperoxia may affect body weight and somatic growth more than lung growth.
Secondary crest formation. Exposure to either dexamethasone or hyperoxia resulted in fewer secondary crests at 14 d of age (x ϭ 43 crests/hpf in dexamethasone/room air group and x ϭ 36 crests/hpf in the O 2 -treated group versus x ϭ 78 crests/hpf in the control group, p Ͻ 0.05) (Fig. 2) . Retinoic acid treatment failed to overcome the effects of dexamethasone (x ϭ 45 crests/hpf in the retinoic acid/dexamethasone-treated group) or hyperoxia (x ϭ 38 crests/hpf in the retinoic acid/O 2 -treated group) on crest formation. Treatment of oxygenexposed animals with dexamethasone resulted in further reduction in crest number (x ϭ 24 crests/hpf in the dexamethasone/ O 2 -treated group) than either dexamethasone or oxygen treatment alone, and those effects were not reversed by retinoic acid treatment (x ϭ 20 crests/hpf in the retinoic acid/ dexamethasone/O 2 -treated group).
Airspace measurements. As shown in Figure 3 , relative to air-exposed control animals, treatment of newborn animals with either dexamethasone (panels C and D) or hyperoxia (panels E-H) resulted in marked differences in lung morphology.
To assess the effect of retinoic acid treatment on hyperoxiainduced changes in lung morphology both with and without dexamethasone treatment, measurements of airspace size, gasexchange airspace volume density, and gas-exchange tissue volume density were made. For the purpose of comparing this study to that of Massaro and Massaro (14) , these measurements were also performed on tissue from animals maintained in room air and treated with dexamethasone and retinoic acid. As shown in Figure 4 , relative to airspace size in control animals, dexamethasone treatment of animals in room air resulted in a greater than 2-fold increase in airspace size (p Ͻ 0.02). Treatment of dexamethasone-exposed room air animals with retinoic acid resulted in improved airspace development with smaller airspaces, similar to the retinoic acid-induced change in alveolarization reported by Massaro and Massaro (14) . For animals in room air, dexamethasone increased the volume density of airspaces while decreasing the volume density of airspace wall tissue by 36% (Table 2 ). Retinoic acid alone had no effect on airspace volume density but increased airspace wall tissue by 34%. Treatment of dexamethasone-exposed animals with retinoic acid resulted in a reduction in airspace volume density and an increase in wall tissue.
Exposure to hyperoxia resulted in an approximate 3-fold increase in mean airspace size compared with room airexposed animals (p Ͻ 0.02) and an overall increase of 19% in gas-exchange airspace (Table 3) . Although not significant, treatment of oxygen-exposed animals with dexamethasone resulted in a trend toward an increase in airspace size and increased gas-exchange airspace. Treatment of oxygenexposed animals with retinoic acid alone resulted in a trend toward decreased airspace size. Treatment of oxygen-exposed animals with both dexamethasone and retinoic acid was no different with respect to mean airspace size than treatment with oxygen and dexamethasone alone. These results indicate that at the dose used, retinoic acid treatment does not alter the morphology of airspaces in developing animals exposed to hyperoxia.
Lung collagen staining. Staining for collagen fibers using Masson's trichrome stain demonstrated marked changes in lung collagen content with retinoic acid treatment. As shown in Figure 5 , lung sections from room air controls and from animals exposed to oxygen show little collagen staining in alveolar walls. Retinoic acid treatment is associated with increased staining for collagen in both oxygen and oxygen plus dexamethasone-treated animals. Immunohistochemical stain- ing for type I collagen (Fig. 6) Expression of type I collagen mRNA. Figure 7A shows a representative autoradiograph from the Northern hybridization analyses of RNA extracted from lung tissue of animals in each of the five treatment groups (n ϭ 3 for each group). Figure 7B is a graphic representation of the Northern hybridization analyses demonstrating a decrease in pro␣1(I) mRNA expression in lungs of animals exposed to hyperoxia (p Ͻ 0.05). Treatment of hyperoxia-exposed animals with either retinoic acid or dexamethasone was associated with a further decrease in pro␣1(I) mRNA expression (p Ͻ 0.05). Treatment of hyper- 
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RETINOIC ACID, O 2 , AND LUNG DEVELOPMENT oxia-exposed animals with both retinoic acid and dexamethasone resulted in the greatest decrease in pro␣1(I) mRNA expression.
DISCUSSION
There is evidence from animal models that exposure of the developing lung to high concentrations of oxygen (23, 24) or to dexamethasone (12) inhibits alveolus formation and decreases lung surface area. Prematurely born infants with structurally immature lungs are often exposed to hyperoxia and sometimes to dexamethasone in the first days to weeks of life. Because of the potential for both hyperoxia and glucocorticoids to alter normal lung development, the identification of agents such as retinoic acid that may ameliorate those effects would be important to preserving the potential for normal pulmonary development.
Vitamin A (retinol) and its more active metabolite retinoic acid have long been recognized for their roles in vision and growth and more recently have been demonstrated to influence branching morphogenesis in lung (16, 34) . Studies of lung development and genes involved in pattern formation indicate that retinoids may exert their primary influence through effects on genes responsible for lung morphogenesis (15, 16, 34) . It is also becoming clear that the effects of retinoids on lung are not limited to fetal development. Work by Massaro and Massaro (14) has shown that postnatal retinoic acid treatment increases the number of alveoli in developing rat lung and overcomes dexamethasone-induced inhibition of postnatal alveolarization.
Vitamin A also appears to be involved in protecting the lung from hyperoxic injury (35) . Deficiency of vitamin A has been associated with the development of BPD (21, 36, 37) , and clinical trials have demonstrated that vitamin A supplementation of infants with decreased vitamin A stores may reduce the risk for developing BPD (20) . Because retinoids may stimulate antioxidant defenses (38) and act as antioxidants (39), they may protect the lung from damage by oxygen free radicals generated through direct oxygen exposure and by inflammatory cells. All of these findings are consistent with clinical observations of the therapeutic benefits of vitamin A supplementation on postnatal lung but do not assess the effects of retinol on hyperoxia-induced changes in lung morphology such as those seen in BPD.
In the present study, we used a model that incorporates hyperoxic lung injury, dexamethasone administration, and retinoic acid supplementation. We found that treatment of newborn rats with retinoic acid during exposure to hyperoxia is associated with improved survival relative to animals exposed Mean values Ϯ SEM are given. Treatment with O 2 was continuous from day of life 3 through 13. Retinoic acid (500 g/kg) or diluent was given daily from d 3 through 13. Dexamethasone (0.25 g/d) or water was given daily from d 4 through 13. All animals were killed on d 14. NS, p Ͼ 0.05. p values using Duncan's multiple-range test.
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to hyperoxia alone. Based on this result and the findings of Massaro et al. (14) , we expected that retinoic acid treatment would attenuate hyperoxia-induced alterations in lung morphology in newborn animals. To examine this question, we evaluated secondary crest formation and measured lung volumes and airspace size.
Secondary crests are characteristic ridges growing out from the primary alveolar wall that will subsequently become secondary septa dividing the lung saccule into alveoli. Because the emergence of secondary crests occurs primarily during active alveolar formation, a process that occurs primarily in the first 2 wk of life in the rat (40) with some additional alveolar (41), changes in the number of secondary crests evident at 14 d of age may reflect changes in the rate of structural maturation. For example, a lung that has accelerated structural maturation may have fewer secondary crests because the crests are now full-length alveolar septa, indicating that septal formation has been completed. In that case, measurements of airspace size and lung volume are also necessary to assess changes in lung alveolarization. For these reasons, we evaluated the effects of retinoic acid treatment on lung volumes, airspace size, and tissue and airspace volume density in addition to secondary crest numbers.
We determined that there were no differences in mean lung volumes associated with exposure to hyperoxia or treatment with retinoic acid or dexamethasone. However, differences were found in airspace size. Both hyperoxia and dexamethasone administration are known to result in larger lung airspaces (14, 30) . As expected, we found that both airspace areas and airspace volume density in animals maintained in room air were increased by dexamethasone and that treatment with retinoic acid reversed the dexamethasone effect, findings similar to those of Massaro et al (14) . Similarly, in room airexposed animals, numbers of secondary crests were decreased by dexamethasone. Retinoic acid supplementation did not, however, reverse the dexamethasone effect on secondary crest number. In our studies of oxygen-exposed animals, retinoic acid was unable to alter airspace size or airspace volume density in the lungs of animals exposed to hyperoxia alone or exposed to hyperoxia and treated with dexamethasone. Similarly, numbers of secondary crests were decreased by hyperoxia, an effect that was not attenuated by retinoic acid supplementation. It should be noted that because of the difficulty in distinguishing between alveoli and alveolar ducts in oxygeninjured lung, these studies measured airspace area and did not differentiate between the two. Although this limits the ability to determine changes in alveolar size, it is likely to be more physiologically relevant to differences in gas-exchange surface area.
The mechanisms by which hyperoxia and dexamethasone affect alveolar size in the developing lung are unclear. It is possible that inhibition of septal formation may occur via different mechanisms with hyperoxia, accounting for the ability of retinoic acid to mitigate the effects of dexamethasone on alveolarization in animals in room air while providing little benefit to alveolar formation during exposure to hyperoxia. 
Alternatively, it is possible that the dose of retinoic acid chosen for these studies was not optimal to ameliorate the effects of hyperoxia on lung alveolarization. In these studies, the dose and route of administration for both retinoic acid and dexamethasone were identical to those used by Massaro and Massaro (14) in which retinoic acid attenuated the reduction in alveolar number and body mass-specific surface area caused by dexamethasone administration. However, studies have shown that hyperoxia alone induces changes in lung retinoic acidbinding proteins and receptors as does treatment with dexamethasone (42) , raising the possibility that the effective dose of retinoic acid may be different for animals exposed to hyperoxia.
The most prominent effect of retinoic acid treatment observed in these studies was the increased collagen staining in airspace walls of retinoic acid-treated oxygen-exposed rats. Most of the lung extracellular matrix is collagen, predominately types I and III with lesser amounts of types IV and V (43) . We have previously shown that in adult rats, acute hyperoxic injury decreases expression of mRNA for both type I [pro␣1(I)] and type III [pro␣1(III)] collagen in lung but increases immunostaining for type I collagen, indicating that oxygen exposure may affect posttranscriptional events important to collagen mRNA translation or collagen degradation. In that same model, we demonstrated that retinol deficiency is associated with decreases in both type I procollagen [pro␣1(I)] mRNA and type I collagen immunoreactivity in lung (19) . In contrast, the present study demonstrates decreases in both type I [pro␣1(I)] collagen mRNA and type I collagen immunoreactivity with chronic oxygen exposure alone. The differences in response to oxygen-induced injury between these two studies may be due to age-related differences in the newborn and adult response to injury, or it may be related to chronic versus acute injury. The present study also demonstrates further decreases in type I [pro␣1(I)] collagen mRNA with retinoic acid treatment alone and with retinoic acid in combination with dexamethasone. Staining for collagen fibers and immunohistochemical staining for type I collagen demonstrate increases in collagen content in the lungs of animals treated with retinoic acid during exposure to hyperoxia, suggesting that retinoic acid treatment may influence either pro␣1(I) mRNA translation or type I collagen degradation, both of which are important to the regulation of total lung collagen (44, 45) .
The mechanisms by which retinoic acid alters lung collagen are unknown; however, the lung contains nuclear retinoic acid receptors (42, 46) , nuclear ligand-activated enhancer proteins that bind to specific DNA sequences near the promoters of responsive genes and exert effects on transcription (46, 47) . Although information concerning the genes activated by retinoic acid binding to the retinoic acid receptors is limited, retinoic acid has been demonstrated to alter gene expression of more than 300 gene products (48) including collagenase and tissue inhibitor of metalloproteinase (TIMP), a compound involved in the activation of collagenase (49, 50) . It is plausible that changes in expression of collagen-degrading enzymes regulated by retinoic acid are major factors in alterations of total lung collagen and that increased lung collagen confers some benefit in lung function, resulting in greater survival in hyperoxia.
It should be noted that the period of oxygen exposure used for these studies encompassed the time during which most of alveolar development occurs in the rat lung. In contrast, human alveolar development spans at least the first 2 y of life. So although at the dose used for these studies it does not appear that retinoic acid treatment during exposure to prolonged hyperoxia will prevent impairment of septation or induce alveolar formation in the immature rat lung, caution is warranted in 
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RETINOIC ACID, O 2 , AND LUNG DEVELOPMENT applying these observations to the treatment of newborn infants exposed to hyperoxia for periods of time that encompass much shorter developmental periods. In addition, changes in expression of growth factors, structural proteins, membrane receptors, and enzymes have been reported with both oxygen and retinoic acid treatment, emphasizing the complexity of the injury model and treatment responses to retinoic acid. Whether retinoic acid treatment after hyperoxic lung injury will induce or augment the formation of new alveoli and improve longterm pulmonary function in the developing lung is yet to be determined.
